Introduction {#s1}
============

As we known, the world meat consumption has greatly increased in recent times compared to that before the 1989s as a result of the income and population growths. The growing demand for meat involves a wide variety of meat types from different animal species for instance; beef, pig, horse and chicken etc. Of which, chicken apparently is one of the most commonly consumed meat types in most of religions and cultures in the world. According to the data reported by [@r045], the World's chicken meat consumption expanded from 66.4 million tons back in 2000 to 91 million tons in 2009 and reached almost 94 million tons in 2013, in which the consumption of Asia accounted for 40% of the world total. This implies that a considerable amount of the chicken by-products is produced every day from slaughterhouses. The edible chicken by-products generally comprise some products such as; internal organs such as; heart, liver, spleen and kidney, which constitute a significant ratio of live weight of a chicken, with their yields range from 5-6% depending upon animal age ([@r034]).

However, the consideration and utilization of the meat by-products basically depends upon a number of factors such as culture, religion and preference etc. Hence, some by-products those are considered inedible in a country but can be considered as precious products in other countries ([@r046]). In general, however, the edible chicken by-products are widely used in most of countries worldwide in different traditional dishes for instance; in United States, the giblets of chicken are commonly consumed, while all of edible parts of chicken offal are often used for making Japanese traditional dishes. Similarly, the edible chicken by-products are salvaged and used for human consumption in most of Asian countries including Korea ([@r033]).

For the past decades, most of studies have only focused on chicken muscle tissue in terms of meat quality measurement ([@r023]; [@r026]) and processing methods ([@r008]; [@r012]), with a great amount of scientific information regarding its quality and utilization is available and can review elsewhere as mentioned above. So far, there have been some studies which investigated the nutritional values of edible meat by-products, but all of these studies only focused on meat by-products from species such as pig ([@r041]), bovine ([@r040]), sheep ([@r020]) and buffalo ([@r015]). Whereas, the edible meat by-products from chicken are also widely used as human foods in most countries, however, very few reports have published on the nutritional quality of these meat by-products. While the edible meat by-products from chicken origin account for a significant ratio of live weight and are the important ingredients in human dishes, simultaneously, such abundant available source probably produces good opportunities for the meat processors in utilization of them to increase economic profitability as well as reduce the loss of this valuable source of revenue. Thus, the main objective of the present study was to investigate the proximate and nutritional compositions of majority of chicken by-products.

Materials and Methods {#s2}
=====================

Sample preparation {#s2a}
------------------

Ross breed chickens (*n*=50) at approximately 4 mon of age with their live weights of 2.0-3.0 kg randomly selected from the commercial chicken breeds at a local farm (Korea) were used in the present research. The animals were transported to an abattoir of the National Institute of Animal Science, Suwon, Korea, where the animals were slaughtered. After slaughter, whole internal organs of each chicken were collected and then carefully separated into individual parts such as; heart, lung, liver, gizzard, cecum, crop, small intestine and duodenum. For the parts of digestive tract, which were split before washing, thereafter the selected offal samples were washed under running tap water to remove adhering blood, food remnants and feces, and were then trimmed off of visible fats and connective tissues. After draining the water, each offal type was placed in individual plastic bag and vacuum-packaged. Thereafter, the offal samples from each 10 animals were randomly taken and used for each type of analysis either proximate composition or vitamin, mineral, amino acid and fatty acid contents. The samples used for proximate composition were stored at 2℃ in a chilling room while those used for the nutritional composition analysis were stored at -20℃ until use.

Proximate composition and calorie {#s2b}
---------------------------------

Moisture, fat and protein contents were analyzed using the method of the Association of Official Analytical Chemists ([@r003]). Particularly, the moisture and fat contents were determined by using a moisture & fat analyzer (SMART Trac, CEM Corp, USA); while, the nitrogen content was determined by using a nitrogen analyzer (Rapid N cube, Elementar, Germany) and then converted into protein content using the N×6.25 equation (N= nitrogen content obtained from the samples, and 6.25=conversion factor). To determine calorie, the offal sample was homogenized in a blender (HMF 3160S, Hanil Co., Korea), then the homogenate was used for measurement of calorie content by using a calorimeter (model 6400, Parr instrument, USA). Calories were expressed as cal/g of the sample.

Vitamin content {#s2c}
---------------

Vitamins (vitamin A, B1, B2, B3, B5 and B6) in the by-products were determined by following the procedures of [@r003] using a reversed-phase high performance liquid chromatography (RP-HPLC) (Aglient 1200 series, Aglient, USA).

Fatty acid composition {#s2d}
----------------------

Total lipid was extracted according to the methods of [@r017] and [@r032]. Subsequently, the fatty acids were analyzed using a gas chromatograph system (Varian star 3600, Varian, Inc., CA) equipped with flame ionization detector and Omegawax 205 fused-silica bond capillary column (30 m × 0.32 mm × 0.25 µm film thickness). The initial and final temperatures of the oven were 140℃ and 230℃, respectively. The injector port and detector temperatures were 250℃ and 260℃ respectively. Individual fatty acids were confirmed on the basis of retention time through comparison with a commercially available mixture of fatty acids (PUFA No.2-Animal Source, Supelco, USA). The fatty acid profile was expressed as percentage of individual fatty acids identified.

Amino acid content {#s2e}
------------------

Samples used for amino acid analysis were hydrolyzed with 6 N HCl solution for 24 h at 110℃. The hydrolyzed samples were concentrated at 50℃ and then diluted with 50 mL of 0.2 N sodium citrate buffer (pH 2.2), and finally were filtered through 0.45 µm filters (Millipore Corp., Biedford, USA). The amino acids were determined by applying the filtrates (30 µL each) to an amino acid analyzer (model 8900A) equipped with an exchange column (4.6 µ 60 mm) (Hitachi, Japan). The separation and detection of amino acids were carried out using the method as described by [@r043].

Mineral content {#s2f}
---------------

Mineral content was determined by following the method of [@r003]. Briefly, five grams of each sample was destroyed by dry ashing in a microwave ashing oven (MAS 7000, CEM Corp., USA) for 12 h with a final temperature of 600℃. The ash content was dissolved in 10 mL of 37% HCl and distilled water (1:1 v/v) solution and was then filtered through Whatman filter paper (No.6) (AEC scientific Co., Korea). Minerals including Na (selected wavelength 588.9 nm), K (766.5 nm), Ca (422.7 nm), Mg (285 nm), P (470 nm), Fe (248.3 nm), and Zn (213.9 nm), Mn (279.5 nm), Cu (324.7 nm) and Cr (357.9 nm) were determined by atomic emission spectrophotometer ICP-OES (Spectro, Boschstr, Germany). A calibration curve was prepared for each element.

Statistical analysis {#s2g}
--------------------

The data were collected and then subjected to statistic analysis using the [@r038]. All data were analyzed by the General Linear Model (GLM) procedure considering the by-product type as the main effect. Means were compared using Duncan\'s Multiple Range Test, with a significance of *p*\<0.05.

Results and Discussion {#s3}
======================

Proximate composition of chicken by-products {#s3a}
--------------------------------------------

The major proximate compositions of chicken by-products were determined and the results are shown in [Table 1](#t001){ref-type="table"}. The results revealed that the moisture content varied among the by-products, ranging from 76.68% to 83.23%, with the highest value was found in lung and the lowest value was found in liver. In general, the chicken by-products (e.g., liver and heart) had higher moisture content compared with those in corresponding by-products from pork and beef origins ([@r041], [@r040]). The fat content differed significantly (*p*\<0.05) among the by-products examined; heart had the highest level (4.53%), followed by liver (2.89%), cecum (2.55%), duodenum (2.46%), lung (1.9%) and crop (1.81%), while the gizzard had the lowest level (0.81%). The fat contents in by-products in the present study were almost similar to the values reported for by-products of similar species in literature ([@r021]). The chicken liver had slightly lower fat content, and chicken heart had higher fat content compared with those in beef liver and heart ([@r040]). Similarly, [@r041] reported similar fat levels in pork heart (4.55%) and liver (2.94%), and [@r020] reported higher fat contents in cooked heart (16.4%), liver (9.7%) and lung (4.6%) of sheep. Daily fat intake is important for human health because the fat not only contributes to energy intake but also helps vitamin absorbance, however, a high daily fat intake has been associated with some diseases such as; obesity and cardiovascular disease ([@r009]). In the present study, it was found that the fat levels of by-products were generally similar and even lower than those of muscle tissues of the same and other animal species.

###### Proximate compositions of chicken by-products

  Item              Moisture (%)     Fat (%)        Protein (%)     Calorie (cal/g)
  ----------------- ---------------- -------------- --------------- ------------------
  Liver             76.68±0.10^d^    2.89±0.08^b^   17.70±0.06^a^   1426.00±18.02^a^
  Gizzard           79.94±0.30^c^    0.81±0.09^e^   17.26±0.14^a^   1183.00±16.59^c^
  Cecum             82.21±0.41^ab^   2.55±0.11^c^   11.98±0.63^d^   1022.20±29.12^d^
  Crop              81.09±0.08^bc^   1.81±0.07^d^   15.81±0.23^b^   1300.80±15.53^b^
  Small intestine   82.61±0.90^a^    1.82±0.07^d^   11.78±0.17^d^   995.00±17.89^d^
  Heart             77.36±0.38^d^    4.53±0.13^a^   13.83±0.12^c^   1320.00±20.11^b^
  Duodenum          82.95±0.31^a^    2.46±0.10^c^   12.18±0.18^d^   1044.40±19.76^d^
  Lung              83.23±0.24^a^    1.90±0.13^d^   10.96±0.12^e^   983.20±17.26^d^

Means in the same column with different superscripts (a-d) are significantly different (*p*\<0.05).

Protein content widely varied among the by-products; particularly, liver and gizzard had the highest values (17.70% and 17.26%, respectively), crop had lower value (15.81%) and lung had the lowest level (10.96%) (*p*\<0.05). The results of the present study were in accordance with those reported for the chicken offal ([@r021]). The differences in protein contents could be attributed due to the differences in the inherent properties, type and quantity of proteins that constitute these by-products. When compared to the protein contents of some of meat by-products (e.g., heart and liver) from other animal species such as pork ([@r041]) and beef ([@r040]), the liver and heart from chicken origin had generally lower protein content. Earlier workers ([@r020]) reported similar protein level (13.5%) for sheep heart. In general, the protein contents in some of chicken by-products were comparable to the level of raw pork chop (17.3%) and higher than that in duck meat (12.3%), however, most of them had lower values compared with those in common muscle tissues such as chicken and beef ([@r036]).

For calorie, it was observed that the highest value was found in liver, followed by heart, crop and gizzard, while the lowest were found in lung, small intestine and cecum. The calories of by-products in the present study were almost similar the values reported for the chicken offal in literature ([@r021]) but lower than those reported for the pork offal ([@r041]). The recommended daily allowance (RDA) for an adult male is 60 g protein, 90 g dietary fat and 2500 kcal ([@r022]), therefore, for example; a consuming 100 g of chicken liver would supply 29.5% of protein, 3.2% fat and 5.7 % total energy.

Vitamin content of chicken by-products {#s3b}
--------------------------------------

It has long been recognized that vitamins are essential compounds that maintain the normal function and metabolic reactions in the body because most vitamins cannot be made in body, so they must be supplied from foods. In the present study, the major vitamins in chicken by-products were determined and the results showed that the amounts of vitamins varied considerably among the by-products examined ([Table 2](#t002){ref-type="table"}). Regarding the vitamin A, liver had the highest level (21,676.18 µg RE/100g of raw sample). Noticeably, the level of vitamin A in liver was thousands of times greater than those in the other remaining by-products. These results were in accordance with those reported for the offal of similar species ([@r021]). Additionally, it was observed that the vitamin A content in chicken liver was similar the value reported for pork liver but higher than the value found in beef liver ([@r028]). Whereas, chicken heart contained much higher vitamin A content compared with those of offal from pork, beef and sheep species ([@r021]; [@r041]).

###### Vitamin content of chicken by-products

  Item              Vitamin A (μgRE/100g)   Vitamin B1 (mg/100g)   Vitamin B2 (mg/100g)   Vitamin B3 (mg/100g)   Vitamin B5 (mg/100g)   Vitamin B6 (mg/100g)
  ----------------- ----------------------- ---------------------- ---------------------- ---------------------- ---------------------- ----------------------
  Liver             21,676.18±3,439^a^      0.23±0.02^a^           0.74±0.05^a^           6.57±0.19^a^           4.16±0.15^a^           0.01±0.00^a^
  Gizzard           13.46±5.30^b^           0.04±0.01^d^           0.11±0.00^d^           3.84±0.15^c^           0.81±0.03^d^           0.001±0.00^b^
  Cecum             7.28±2.35^b^            0.01±0.00^f^           0.11±0.02^d^           0.33±0.08^g^           0.22±0.05^g^           0.001±0.00^b^
  Crop              10.68±1.58^b^           0.15±0.01^b^           0.51±0.01^c^           3.04±0.06^d^           1.44±0.03^c^           0.001±0.00^b^
  Small intestine   13.24±7.35^b^           0.02±0.00^ef^          0.13±0.01^d^           0.86±0.08^f^           0.32±0.03^f^           0.001±0.00^b^
  Heart             31.90±6.96^b^           0.13±0.02^c^           0.66±0.04^b^           4.29±0.10^b^           3.84±0.09^b^           0.001±0.00^b^
  Duodenum          11.18±1.28^b^           0.01±0.00^f^           0.10±0.01^d^           0.93±0.03^f^           0.29±0.02^gf^          ND
  Lung              32.42±2.12^b^           0.03±0.00^de^          0.11±0.01^d^           1.72±0.06^e^           0.49±0.02^e^           0.00±0.00^b^

Means in the same column with different superscripts (a-f) are significantly different (*p*\<0.05).

ND: Not detectable.

Similarly, the vitamin B1 content ranged between the by-products from 0.01 mg/100g to 0.23 mg/100g of sample, in which the highest was found in liver and the lowest was found in duodenum samples. The vitamin B1 content in chicken by-products was almost equal to the values reported for the offal from chicken and other species in literature ([@r028]; [@r021]). On the other hand, when compared to the vitamin B1 content of chicken breast muscle (0.06-0.12 mg/100g) and beef muscle (0.07-0.10 mg/100g sample) ([@r049]), most of chicken by-products examined had higher vitamin B1 content.

The vitamin B2, B3, B5 and B6 contents ranged between the by-products examined from 0.1-0.74 mg/100g, 0.33-6.57 mg/100g, 0.22-4.16 mg/100g and 0.001-0.01 mg/100g raw sample, respectively. Amongst, the liver contained the highest levels of these vitamins, followed by heart, and the other remaining by-products had lower levels. This finding agrees well with that of [@r041], [@r040], who found that the levels of all vitamins in liver and heart were generally higher than those in other remaining by-products from pork and beef species. Furthermore, the levels of these vitamins B in most of chicken by-products examined were higher than those in the muscle tissues from chicken beef, rabbit and pork ([@r049]). This is in good agreement with the previous observations of [@r028] which indicated that internal organs have more vitamin contents than muscle tissues. More remarkably, the outcome of our analysis showed that the concentrations of vitamins B in almost chicken by-products were comparable to grain, cereal-grain food and soy-products, which are well recognized as the richest sources of vitamins B ([@r030]). From these findings, it can be said that chicken by-products, especially liver and heart are particularly good sources of vitamins. The recommended daily allowance (RDA) for an adult male is 1000 µg RE vitamin A, 1.2 mg vitamin B1 and 1.4 mg vitamin B2 ([@r022]), therefore, for example; a consuming 5 g of chicken liver would supply 100% of vitamin A, and a consuming 100 g would supply 19.1% of vitamin B1 and 52% of vitamin B2. However, it should be noted that vitamin A is often stored in the body for long periods of time and generally pose a greater risk for toxicity when consumed in excess ([@r035]), therefore, eating a normal and well-balanced diet will not lead to toxicity.

Fatty acid content of chicken by-products {#s3c}
-----------------------------------------

Since the data concerning the fatty acid composition of edible meat by-products from pork, beef and sheep is available and was reviewed elsewhere ([@r016]; [@r020]; [@r041]). In contrast, no scientific information regarding the fatty acid composition of chicken by-products is available, therefore, it was complemented with original data obtained in the present study ([Table 3](#t003){ref-type="table"}). The outcome of our analysis revealed that palmitic acid (C16:0) and stearic acid (C18:0), oleic acid (C18:1n-9), linoleic acid (C18:2n-6) and arachidonic acid (C20:4n6) were the most dominant fatty acids detected in all chicken by-products. Dietary n-3 polyunsaturated fatty acids (PUFA) have long been known to have effects on physiological processes such as cardiovascular and immune functions, and neuronal development etc. ([@r024]), therefore, there has been much interest in the beneficial effects of these n-3 PUFAs especially linolenic acid (C18:3n-3), eicosapentaenoic acid (C205:n3) and docosahexaenoic acid (C22:5n3) (Burdge and Calder, 2005). Interestingly, the major n-3PUFAs such as C18:3n3, C20:5n3 and C22:6n3 were detected in all chicken by-products examined with relatively high levels. In particular, the levels of C20:5n3 and C22:6n3 were highest in liver, followed by gizzard. Compared with our data, those of [@r020] found lower C18:3n3 and C20:5n3 contents and higher C22:6n3 content in sheep liver. Similarly [@r031] reported lower C18:3n3 and C20:5n3 contents in beef liver. On the other hand, when compared to the C18:3n3, C20:5n3 and C22:6n3 contents in muscle tissues from pork and beef species ([@r001]; [@r006]; [@r013]; [@r021]), most of chicken by-products examined had higher levels of these fatty acids.

###### Fatty acid profiles (%) of chicken by-products

  Item       Liver            Gizzard          Cecum            Crop             Small intestine   Heart            Duodenum          Lung
  ---------- ---------------- ---------------- ---------------- ---------------- ----------------- ---------------- ----------------- ----------------
  C14:0      0.34±0.01^f^     1.09±0.02^b^     1.04±0.01^bc^    0.54±0.03^e^     1.01±0.01^b^      0.78±0.02^d^     1.03±0.01^bc^     1.15±0.01^a^
  C16:0      22.79±0.2^e^     27.72±0.44^b^    23.00±0.62^e^    26.55±1.46^bc^   25.22±0.18^cd^    24.26±0.5^de^    25.91±0.67^bcd^   33.37±0.26^a^
  C16:1n7    1.69±0.06^e^     4.50±0.21^c^     5.81±0.02^a^     2.74±0.24^d^     4.64±0.13^bc^     4.86±0.12^bc^    5.22±0.18^b^      4.43±0.22^c^
  C18:0      20.84±0.22^a^    10.63±0.35^c^    7.79±0.12^e^     12.92±0.72^b^    8.73±0.29^de^     10.96±0.32^c^    8.61±0.41^de^     9.33±0.31^d^
  C18:1n9    21.76±0.74^e^    30.61±0.42^cd^   36.72±0.00^a^    28.58±1.88^d^    32.09±0.26^c^     31.40±1.01^cd^   35.14±0.31^ab^    32.95±0.63^bc^
  C18:1n7    0.07±0.01^a^     0.04±0.01^b^     0.08±0.01^a^     0.06±0.00^ab^    0.07±0.01^a^      0.06±0.01^ab^    0.07±0.01^a^      0.06±0.01^ab^
  C18:2n6    18.12±0.49^ab^   15.60±0.37^ab^   15.92±0.45^ab^   21.06±4.50^a^    17.79±0.31^ab^    20.59±0.59^a^    16.72±0.37^ab^    12.84±0.13^b^
  C18:3n6    0.25±0.01^a^     0.17±0.01^c^     0.18±0.00^bc^    0.13±0.01^a^     0.19±0.00^b^      0.11±0.00^a^     0.18±0.00^bc^     0.14±0.00^d^
  C18:3n3    0.37±0.01^c^     0.53±0.02^b^     0.72±0.01^a^     0.39±0.02^c^     0.67±0.02^a^      0.59±0.01^b^     0.72±0.02^a^      0.57±0.02^b^
  C20:1n9    0.47±0.02^a^     0.46±0.06^a^     0.36±0.01^bc^    0.32±0.02^c^     0.46±0.02^a^      0.50±0.02^a^     0.42±0.01^ab^     0.45±0.01^ab^
  C20:4n6    10.72±0.34^a^    6.94±0.32^bc^    7.02±0.38^bc^    6.17±0.19^cd^    7.39±0.14^b^      5.4±0.48^de^     4.78±0.22^ef^     3.85±0.28^f^
  C20:5n3    0.54±0.03^a^     0.16±0.01^c^     0.18±0.02^bc^    0.18±0.01^bc^    0.22±0.01^b^      0.17±0.01^c^     0.14±0.00^c^      0.17±0.02^c^
  C22:4n6    0.55±0.02^c^     1.19±0.08^a^     1.09±0.01^a^     0.28±0.03^d^     1.24±0.04^a^      0.25±0.02^d^     0.79±0.04^b^      0.49±0.06^c^
  C22:6n3    1.50±0.08^a^     0.35±0.01^b^     0.12±0.12^de^    0.08±0.02^de^    0.29±0.05^bc^     0.06±0.00^e^     0.27±0.02^bc^     0.20±0.02^cd^
  SFA        43.96±0.24^a^    39.44±0.73^b^    31.82±0.72^d^    40.02±2.2^b^     34.97±0.46^cd^    36.01±0.45^c^    35.55±1.06^c^     43.85±0.52^a^
  UFA        56.04±0.24^d^    60.56±0.73^c^    68.19±0.73^a^    59.98±2.2^c^     65.03±0.46^ab^    63.99±0.45^b^    64.45±1.06^b^     56.15±0.52^d^
  MUFA       23.98±0.76^e^    35.61±0.57^c^    42.97±0.02^a^    31.70±2.13^d^    37.26±0.21^c^     36.82±0.94^c^    40.85±0.44^ab^    37.89±0.83^bc^
  PUFA       32.05±0.76^a^    24.94±0.71^b^    25.22±0.75^b^    28.28±4.29^ab^   27.78±0.46^ab^    27.17±1.05^ab^   23.61±0.65^bc^    18.27±0.36^c^
  n-3        2.41±0.1^a^      1.04±0.03^bcd^   1.01±0.09^cd^    0.64±0.01^f^     1.17±0.02^b^      0.82±0.01^e^     1.14±0.04^bc^     0.94±0.02^de^
  n-6        29.64±0.69^a^    23.90±0.69^ab^   24.20±0.84^ab^   27.64±4.30^ab^   26.61±0.47^ab^    26.36±1.04^ab^   22.47±0.61^bc^    17.33±0.35^c^
  n6/n3      12.35±0.39^d^    22.92±0.44^c^    24.22±3.05^bc^   43.59±7.08^a^    22.75±0.78^c^     32.17±1.15^b^    19.76±0.23^c^     18.51±0.27^cd^
  MUFA/SFA   0.54±0.02^f^     0.90±0.03^d^     1.35±0.03^a^     0.79±0.02^e^     1.07±0.02^bc^     1.02±0.03^c^     1.15±0.05^b^      0.87±0.03^de^
  PUFA/SFA   0.73±0.02^a^     0.63±0.03^a^     0.79±0.04^a^     0.73±0.13^a^     0.8±0.02^a^       0.76±0.03^a^     0.67±0.04^a^      0.42±0.01^b^

Means in the same row with different superscripts (a-f) are significantly different (*p*\<0.05).

SFA, saturated fatty acid; UFA, unsaturated fatty acid; MUFA, monounsaturated fatty acid; PUFA, polyunsaturated fatty acid.

Total saturated fatty acids (SFA), unsaturated fatty acids (UFA), polyunsaturated fatty acids (PUFA) levels ranged between the by-products from 31.82% to 43.96%, 56.04% to 68.19%, and 18.27% to 32.05%, respectively in the present study. Amongst, liver had the highest total PUFAs level, followed by gizzard and lung (*p*\<0.05). More remarkably, most of chicken by-products examined had lower total SFA levels whereas had higher total UFAs and PUFAs levels compared with those in meat by-products as well as muscle tissues from sheep, pork and beef ([@r006]; [@r020]; [@r025]; [@r031]).

The consumption of dietary fats has long been associated to chronic pathologies such as obesity, diabetes and cardiovascular disease etc. Thus, the recommendation of Food and Agriculture Organization (FAO) and World Health Organization (WHO) for adult humans includes the intakes of 20-35% of diet energy of total fat, less than 10% of SFA, 15-20% of MUFA and 6-11% of PUFA ([@r011]); therefore, reducing the intake of SFAs and increasing the intake of PUFAs are strongly encouraged. Also, the recommendations for the PUFA/SFA ratio for the healthy diet as a whole should be 0.40 or higher, while the ratio of *n*-6/*n*-3 fatty acids should be 4.0 or lower ([@r014]). According to the outcome of our analysis, the PUFA/SFA ratios in all of chicken by-products examined were above the recommended value of 0.4. Unfortunately, however, the *n*-6/*n*-3 ratios in all of chicken by-products examined were above the recommended values of less than 4.0 in the present study. Similar to our results, a great number of studies also found that the *n*-6/*n*-3 ratios in offal and muscle tissues of most of animal species studied were generally higher than the recommended values of less than 4.0 ([@r001]; [@r006]; [@r040]; [@r047]). On the other hand, cholesterol is well known as an essential part of adequate body function, forming an important component of steroid hormones, vitamins and bile acids. However, high cholesterol intake has been associated with an elevated risk of cardiovascular diseases such as coronary heart disease and high blood pressure as well as diabetes ([@r029]). The cholesterol content in meat and meat by-products as a whole therefore becomes one of the concerns by consumers, and the recommended maximum cholesterol intake is 300 mg per day ([@r002]). Although the cholesterol content in chicken by-products were not measured in the present study, however, it should be noted that animal\'s organs as a whole have relatively higher cholesterol content ([@r034]), therefore should be eaten reasonably.

Amino acid content of chicken by-products {#s3d}
-----------------------------------------

The amino acid (AA) contents of chicken by-products are shown in [Table 4](#t004){ref-type="table"}. Our results depict that seven-teen amino acids including essential amino acids (EAA) and non-essential amino acids (NE) with different levels were found. All of eight major EAAs including; threonine (THR), methionine (MET), valine (VAL), isoleucine (ILEU), leucine (LEU), histidine (HIS), phynylalanine (PHE) and lysine (LYS) were detected in all of by-products examined. LEU and LYS were the most dominant EAAs detected. Among the by-products examined, liver contained the highest levels of most of EAAs, followed by gizzard and heart (*p*\<0.05). EAA cannot be produced by the human body, thus they must be supplied by diet. Without these essential amino acids, the body is unable to function normally, also the presence of amino acids enables vitamins and minerals to perform all their physiological functions ([@r048]). In the present study, heart and duodenum had the highest total essential amino acids/total amino acids (EAAs/AA) ratio, followed by liver (*p*\<0.05). Edible meat by-products have been found to be a source of important nutrients like essential amino acids and among them proteins of the internal organs have high biological value ([@r039]) with a balanced EAA content similar to that of muscle proteins ([@r004]). When compared to the total EAAs/AA ratio in pork liver (42%) reported in literature ([@r027]), the chicken liver had similar total EAA contents but slightly lower than those of beef liver (47.41%) ([@r040]). Importantly, it was reported that the levels of EAAs in meat by-products are not remarkably diminished after cooking or heating treatment due to the low-reducing sugar content of these by-products does not cause secondary degradation reactions such as the Maillard reaction ([@r004]). From our observations, it can be said that the chicken by-products examined are good sources of EAAs. Additionally, we also assume that the differences in levels and quality of EAs contents may be attributed due to the differences in protein types (e.g., collagen, myofibril protein etc) between the by-products. For the NEs, even if they can be produced by the human body, it is mandatory to have all the raw materials necessary for their production therefore, inadequate consumption of amino acids, the primary units of proteins, can lead to protein malnutrition.

###### Amino acid composition (%) of chicken by-products

  Item
  ----------------------------
  Essential amino acids (EA)

Means in the same row with different superscripts (a-f) are significantly different (*p*\<0.05).

Mineral content of chicken by-products {#s3e}
--------------------------------------

The concentrations of minerals found in chicken by-products are summarized in [Table 5](#t005){ref-type="table"}. In general, the mineral contents significantly differed between the by-products examined. Among the macro-elements detected, the concentrations of phosphorous (P) were generally higher than others, followed by (in decreasing order) potassium (K), sodium (Na), magnesium (Mg) and calcium (Ca). Liver had higher amounts of K, Na and P, while cecum and crop had higher amount of Ca and Mg, respectively in comparison with other remaining by-products (*p*\<0.05). Compared with our data, those of [@r016] reported higher amounts of K, P and Mg in beef liver and heart. Especially, the amounts of Ca in liver, heart and lung were generally higher compared with those reported for the pork by-products ([@r041]) and also higher than the Ca contents (19.9-87 mg/kg) in muscle tissues from rabbit, rhea and beef origins ([@r019]; [@r021]; [@r037]).

###### Mineral content of chicken by-products (mg/kg)

  Item              Marco-element         Trace-element                                                                                                                   
  ----------------- --------------------- ------------------- ----------------- ------------------- -------------------- ---------------- --------------- --------------- ----------------
  Liver             2,914.38±94.72^a^     1,034.00±39.95^a^   89.26±3.44^d^     217.12±7.56^b^      2,934.46±87.92^a^    79.29±1.96^a^    3.67±0.22^a^    2.51±0.13^a^    29.91±3.64^a^
  Gizzard           2,408.43±26.46^bc^    947.71±36.32^ab^    117.44±7.54^c^    168.24±6.92^de^     1,661.59±27.04^de^   16.51±0.69^e^    1.73±0.14^d^    1.25±0.03^c^    26.01±0.57^ab^
  Cecum             1,210.24±191.75^ef^   443.43±59.02^e^     200.21±7.54^a^    179.74±9.82^cd^     1,431.23±142.94^f^   18.64±1.81^de^   2.64±0.12^bc^   1.55±0.22^b^    22.37±0.87^bc^
  Crop              2,540.12±95.06^b^     858.56±28.37^b^     125.99±3.08^bc^   291.30±9.84^a^      2,716.85±52.32^b^    37.15±1.64^c^    2.83±0.10^b^    1.74±0.02^b^    21.69±0.82^bc^
  Small intestine   1,176.14±58.90^f^     414.22±16.04^e^     135.07±7.21^bc^   159.04±12.73^def^   1,469.76±41.02^ef^   23.35±2.07^d^    1.32±0.05^d^    1.00±0.03^cd^   20.09±1.13^c^
  Heart             2,140.37±50.48^c^     947.21±31.54^ab^    90.22±5.56^d^     196.45±5.18^bc^     1,944.31±34.02^c^    32.99±0.87^c^    2.23±0.10^c^    0.67±0.03^e^    23.22±1.09^bc^
  Duodenum          1,496.03±129.61^de^   548.80±33.71^d^     123.16±8.76^c^    153.59±4.07^ef^     1,697.03±71.34^d^    33.36±3.97^c^    1.63±0.06^d^    1.09±0.02^cd^   21.08±0.73^c^
  Lung              1,752.09±40.67^d^     753.91±19.85^c^     146.05±7.74^b^    136.15±6.87^f^      1,936.93±25.21^c^    59.59±2.52^b^    1.75±0.29^d^    0.88±0.06^de^   14.26±0.47^d^

Means in the same column with different superscripts (a-f) are significantly different (*p*\<0.05).

Among the minerals often found in foods, iron (Fe), manganese (Mn), zinc (Zn) and copper (Cu) are grouped as trace elements that are vital for maintaining human health, insufficient intake of these trace minerals can cause symptoms of nutritional deficiency ([@r044]). In nutritional terms, the interest of meat by-products lies on their provision of proteins, vitamins and minerals. The outcome of our analysis showed that liver had the highest Fe, Cu, Mn and Zn contents. Fe is one of the vital minerals needed for the optimum function of blood; iron deficiency causes anemia, especially in pregnant women and children ([@r007]). When compared to the Fe levels in beef liver (29.3-66.71 mg/kg) ([@r016]; [@r040]), the chicken liver had higher Fe content. More remarkably, when compared to the Fe levels in breast chicken (5 mg/kg), beef steaks (14 mg/kg), pork chop (13 mg/kg), duck meat (24 mg/kg) and mutton meat (17mg/ kg) reported by [@r036], most of chicken by-products had considerably higher amounts of Fe content. More importantly, the iron in internal organs (e.g., liver and heart etc.) is heme iron whose absorption into the intestinal lumen is several times greater than non-heme iron present in other foods ([@r018]; [@r042]).

Similarly, the Zn contents in all chicken by-products were much higher compared with those in most of edible meat by-products and muscle tissues from various animal species as cited above. Similarly, Mn is an essential mineral involved the growth, metabolism and enzymatic defense systems of the body ([@r005]). The levels of Mn in chicken by-products were comparable to those in meat by-products from other species and higher than those in muscle tissues ([@r021]). From these obtained results, it can be said that chicken by-products are particularly good sources of essential trace minerals.

Conclusion {#s4}
==========

This paper studied majority of chicken by-products in terms of proximate (e.g., protein, fat, moisture and calories) and nutritional compositions (e.g., vitamin, mineral, fatty acid and amino acid). Based on the obtained results, it is concluded that the proximate and nutritional compositions widely varied among the by-products examined. Liver and gizzard are the richest sources of protein comparable to the protein levels in some muscle tissues. Additionally, liver contained higher amounts of all vitamins compared with those in other remaining by-products examined. Furthermore, most of chicken by-products had lower total SFA levels and higher total UFAs and PUFAs levels compared with those in meat by-products as well as muscle tissues reported in literature. More remarkably, all of by-products showed desirable PUFA/SFA and EAA/AA ratios. This is the first study of comprehensive information about chicken by-products; therefore, the data of the present study provide not only the useful information to consumers and processors but also the important databases for further investigations.
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